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The measurement of the production of jets and photons in ATLAS will provide ideal tests of perturbative QCD
in a kinematic regime never observed before. Gaining a precise quantitative understanding of perturbative QCD
is essential to searches for new physics at the LHC. In addition, differential cross-section measurements of jet
and photon production can be used to constrain parton density functions. The detection of jets and photons in
ATLAS is achieved by using finely segmented calorimeters, which surround an inner tracking system enclosed in
a 2T solenoid field.
1. Introduction and Motivation
At the LHC there will be many events involving
photons and jets. The processes that will produce
the most photons and jets are multi-jet and direct
photon events, in fact these are among the highest
cross-sections of all processes at the LHC. Di-jet
events originate from any 2 → 2 process involv-
ing q, q¯ or g and direct photon events are when
the photon emerges directly from the hard inter-
action, similarily for di-photon events.
Using Monte-Carlo generators the expected
cross-section can be calculated for each of these
processes, one of the dominant Feynman dia-
grams for each of these is shown in Fig. 1. Lim-
iting the events to the |η| < 2.5 region observable
in ATLAS and selecting events with jet/photon
pT > 25 GeV the following cross-sections were
obtained:
• Di-jets σ = 0.5mb from NLOJET++ [1–3].
• Direct photons σ = 0.2µb from JETPHOX [4].
• Di-photons σ = 29pb from RESBOS [5–7] (ex-
tra constraint of 80 < Mγγ < 150GeV).
With these processes providing among the
largest production cross-sections at the LHC they
will be observable with small datasets, already in
a new region of pT . One consequence of this is
that they need to be understood accurately before
searches for new physics take place; for example
direct photons are a background for the H → γγ
process. Di-jets themselves can be used to look
 gg→Di-Jet gg γ q→Direct Photon qg γγ → qDi-Photon q
Figure 1. Dominant Feynman diagrams at the
LHC for the production of di-jets, single photons
and photon pairs.
for new physics, examples of this include searches
for quark sub-structure or extra dimensions.
Direct photons are also very useful for calibra-
tion of the detector response to hadronic jets.
The photon energy will be accurately measured
in the electromagnetic (EM) calorimeter, and
should match the jet energy deposited in the op-
posite direction in the transverse plane. Direct
photons will also be used to understand the de-
tector performance.
2. ATLAS
The ATLAS experiment [8] is a general pur-
pose detector for the LHC accelerator based at
CERN in Geneva. Located 100m under the sur-
face, next to the main CERN Meyrin site, AT-
LAS is 25m high and 44m long consisting of sev-
eral systems for particle identification. Closest to
the collision point is the inner tracker surrounded
2by the 2T solenoid, then the calorimeters and
finally the muon system, incorporating toroidal
magnets. The design aim of the LHC is to col-
lide protons at a centre of mass energy (
√
s) of
14 TeV with a luminosity of 1034cm−2s−1. The
intial run conditions will be lower than these aims
but should accumulate an integrated luminosity
of the order of a few pb−1 in the first month.
Calorimeters are the most important system
for the detection of jets and photons. In ATLAS
there are EM, hadronic and forward calorimeters.
The forward calorimeter is located in the region
3.2 < |η| < 4.9 and so lies outside the tracker
coverage of |η| < 2.5, which limits its use for pho-
ton studies. The hadronic calorimeter (HCAL) is
composed of plastic scintillating tiles with iron
absorber in the barrel region (|η| < 1.7) and
liquid-argon scintillator with copper absorbers in
the endcap region (|η| < 3.2). The EM calorime-
ter also extends to (|η| < 3.2) and consists of
liquid-argon scintillator between lead absorbers.
3. Photon reconstruction
For photon selection the calorimeter deposit
has to be classified as photon, electron or jet. The
electron/photon selection is mainly dependant on
the reconstruction of the electron track. However
70% of photons will convert before reaching the
EM calorimeter, although most of these convert
in the solenoid leaving no track in the inner detec-
tor, so some photons can be matched to a track
if it has been reconstructed as a conversion.
The probability for a jet to fake a photon is
low, but the di-jet background to direct photons
remains important as the cross-section is much
larger than that for direct photons. For the jet
to fake the photon most of the energy has to end
up in the EM calorimeter. This mainly occurs for
pi0 → γγ decays inside the jet when the pi0 has
taken most of the jet energy. Also a real photon
can be radiated at a wide angle and so might be
classified in the signal sample. These events are
difficult to deal with experimentally and theoret-
ically as their assignment to signal or background
depends on the isolation requirement applied to
the photon.
The pi0 background is removed by studying the
Figure 2. This is an illustration of the high gran-
ularity ATLAS EM calorimeter.
shower shape of the photon, by using pT and η
dependant identification cuts. As shown in Fig.
2 the EM calorimeter consists of three layers in
the barrel region (|η| < 1.475), along with a pre-
sampler covering |η| < 1.8. The first of the three
layers are strips in η, for pi0/γ separation. When
the pi0 decays, the two photons will be well sepa-
rated so the high granularity of the strips will be
able to distinguish a pi0 from a single photon. The
other layers of the EM calorimeter are the middle
sampling (square cells) and the rear cells, which
are used to study the width and isolation of the
shower. The middle sampling provides most of
the radiation length of the EM calorimeter, which
is needed to contain electron and photon showers
inside the EM calorimeter.
An example of what the resultant shower
shapes for a photon and a jet then look like is
shown in Fig. 3. In this case a clear separation
is possible between the photon with no track and
slim shower and a jet with many tracks and a
wider and deeper shower extending well into the
HCAL. The method of selecting photons is im-
proved to optimise photon efficiency (% of pho-
tons kept) and jet rejection (a rejection of 1000
means 1 in 1000 jets passes the photon identifi-
cation). The results of this optimisation can be
seen in Table 1.
3Figure 3. This shows example showers for a
786GeV photon (left) and a 722GeV jet (right)
displayed in ATLANTIS.
Table 1
Comparison of jet rejection vs photon efficiency
with the cut-based method for the di-jet and γ +
jet pγT > 25 GeV simulated data samples [9]




To reconstruct jets an algorithm is applied to
energy deposits in the calorimeter. The chosen
algorithm should be fast, easy to calibrate and
understood theoretically. ATLAS, as other ex-
periments, principally uses two algorithms: Cone
and kT [10]. The Cone algorithm is based on a
cone in ηφ around the highest pT calorimeter de-
posit, with a tuneable radius.
The kT algorithm merges particles of similar
3-momentum with a distance parameter which
can be tuned to control the merging. The ability
to tune these algorithms becomes important for
more busy events, or at high luminosity, as the
algorithm is likely to include more of the back-
ground activity so over-estimating the jet energy.
The largest uncertainty in jet measurements
comes from the Jet Energy Scale (JES). To be
able to minimise this, accurate calibration is re-
quired. One method for this is to use in-situ mea-
surements. Photon + jet events are excellent for
this, as are Z + jet, because the photon will be
well measured in one direction and the jet back
to back with the photon should balance the en-
ergy in the event, so the JES is calibrated from
the EM calorimeter. This is one of the best mea-
surements of the JES, but others include using
multi-jet and W boson events along with using
the tracks in jets, more details of these are in
Ref. [9].
5. Parton density functions
One of the highly interesting aspects of the
di-jet and direct photon production processes is
that through them one may probe the gluon par-
ton density function (PDF), as both processes
involve one or more gluons from the incoming
protons. Jets are as close as one can get to ob-
serving the outgoing quarks or gluons, the actual
parton level process being obscured by hadronisa-
tion and inaccuracies in jet algorithms. The gluon
PDF has a large uncertainty in the high-x region
(above 10−1 the uncertainty grows from ∼ 10%
to ∼ 100% above x = 0.7). Improved precision of
the measurement in this region is needed as it is
one of the discovery regions for new physics. The
low-x uncertainty is much smaller (∼ 5 − 10%)
but there is actually no direct data to constrain
this below ∼ 10−4. Beyond this point the parton
densities and their uncertainties are extrapolated
from those at higher-x values.
It is also interesting to investigate the low-x
region to test the evolution from previous exper-
iments as shown in Fig. 4, where the Q2 (or
p2T ) is plotted against x for the LHC, HERA and
fixed target deep inelastic scattering experiments.
This demonstrates that most of the LHC phase-
space has not been accessed before. However this
also shows that to be able to reach the low-x re-
gion, low values of photon pT are required, as the
photon measurement will be limited in η by the
tracking and high granularity calorimeter reach of
the detector. In the low-pT region discrepancies
between data and theory have been observed at
the Tevatron[11]. One explanation for this is to
add intrinsic partonic kT but different evolution
schemes may be needed. At the LHC, photons
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Figure 4. The phase space reached at the LHC
compared to previous experiments [12].
with pT <∼ 60 GeV should be sensitive to this
discrepancy but those with higher-pT are likely to
be better understood from a theoretical point of
view and thus should provide a clean sample for
studies of the gluon PDF.
Even with small datasets these processes could
be useful in probing the gluon PDF. Simulated
jet data were run through a ZEUS fit which
showed that ATLAS could significantly constrain
the high-x gluon with a dataset as small as 1fb−1
and 10% uncorrelated systematics [13]. However
after adding the JES uncertainty as a correlated
systematic this did not look so optimistic, as an
uncertainty of 1% on the JES leads to a σ(jet)
uncertainty of 10%. The JES uncertainty is not
present for photons so they provide a much more
accurate measurement, allowing the significant
differences in the η-spectrum of different PDFs
(∼ 10%) to be observed. With more statistics
these limits and differences can be improved and
even higher-pT events will be observed.
6. Conclusions
Di-jets and direct photons have the largest
high-pT cross-section at the LHC. This means
they will be the first high-pT data taken and need
to be well understood before searches can take
place. The LHC is preparing for its first collisions,
in which both di-jets and direct photons will be
seen, in a new region of phase space. ATLAS itself
has been carefully designed for the efficient pho-
ton/jet and photon/pi0 separation needed for pho-
ton studies. Overall jet and photon studies will
be crucial for studying perturbative QCD through
parton densities and their evolution.
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